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A systematicstudyhasbeenmadeofthevsriationoffrictional
resistancebetweentypicaltire-treadmatdrialandthreeconcretesur-
facesofdifferentroughnessatvarioustemperaturesandnormalpressures.
Typicaltire-treadspecimensweretakenfromthethickestportionofworn
ten-plytires,andthethreeconcretetestblockswerepouredfromthe
samemixbutsubjettedto clifferentsurfacefinishes.Curvesarepre-
sentedoftheapparentcoefficientoffrictionasa functionofnormal
pressure.

INTRODUCTION

Thefrictioncoefficientplaysan importantroleindeterminingthe
timehistoryofthedragloadduringa landingimpact,buttherapid
changesinnormalpressureandtemperatureduringthewheelspin-uphave
raisedsamedoubtastothevalidityofusingstaticfrictiondatain
whichnoeffectsoftemperaturehavebeenconsidered.In orderto obtain
someinsightintotheeffectofthehightemperatureandconse@entnearly
moltenrubberonthefrictioncoefficients,theBoeingAirplaneCompany
conductedsometeststo determinethefrictionalresistancebetweentypi-
caltire-treadmaterialandconcrete.Althoughtheresultswereobtained
underconditionsconsiderablyclifferentfromthoseencounteredinlanding
andtaxyingoperationswherehighskiddingvelocitymaybe involved,they
are,nevertheless,of interestbecauseoftherangeofpressureandtem-
peraturecoveredandbecausetheyrepresentanend-pointconditionin
airplaneoperation.

ThisworkhasbeenmadeavaibbletotheNationalAdvisoryCommittee
forAeronauticsforpubl@ationbecauseofitsgeneralinterest.
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TEscAPPARATUS

Test Specimen

Therubberspecimenstestedwere1.75inchesin diemeter.Theywere
takenfrm thethickestportionofthetreadofa wornten-plyB-29type
ofnose-wheeltire(seefig.1). Thistirehadbeenin storage,prior
tothistest,at least18monthssinceflightusage.Checkswerenuted
overmmt ofitssurface.

Threeconcretespecimenswereused(seefig.2). Theconcretewas
pouredfroma mixwhichwasbeingusedto completea sideapronat
BoeingField,Seattle.1Eachconcretespechenwasgivena surfacefin-
ishasfollows:

Sgectien Finish

1 Troweledsmooth(hereaf%erreferred
to as “smoothsurface”)

2 Surfacedwitha two-by-four(hereafter
referredto as “semismoothsurface”)

3 Surfacedwitha two-by-fourandthen
bromned(hereafterreferredto as
“roughsurface”)

TestSetup

BasicaUy,thetestconsistedoftheapplicationoflmownvertical
loadsto therubberspecimenfollowedbythemeasurementofthemaximum
sideloadsoccurringinmovingthespechen1 inchoneachofthesurfaces.

Twosetupswereusedasfollows:

(1) High-nomnal-,orhigh-vertical.-,loadtests:Thenom or
verticalloadsappliedtothespecimensinthesetestscovereda range
from50to l,lm psi. Verticalloadswereappliedby a long-stroke
10-tonhydraulicjackin1~-psiincrementsandsideloads,by a 3-ton
hydraulicjack.Thesetupisshownina sketch(fig.3) andin a photo-
graph(fig.4).

%oncrete(BoeingTypeA) xedietis were: Cement,517poundsper
cubic~; fhe sand,1~2P PO* percubic~; =d f~ gravel}
2,080poundspercubicyard.
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(2)Low-normal-,or
calloadsappliedtothe
25to 310psi. Vertical
in20-Psiincrementsand

3

low-vertical-, loadtests:Thenormalorverti-
specimensinthesetestscovereda rangefrcm
loadswereappliedby a weight-loadingdevice
sideloads,by a s-tonhydraulicjack.The

setupisshownina sketch(fig.5) andin a photograph(fig.6).

Heateffectsweresimulatedby slowlyheatingtheconcretesurface
withan oxyacetyleneheatingtorch.Thetemperatureofthesuzfacewas
measuredimmediatelypriorto andimmediatelyaftereachloadapplication
by a portablethermocouple.Thetemperaturevaluesinthisreportare
theaveragesofthesetworeadings.

TEsrPROCEDURE

Thehigh-normal-loadtestswererunfirst.Testswereconducted
withtheconcreteatroantemperature(appro-tely75°F) andatWOO F.
Threeccnnpleterunsofthenormal-forcerangeweremadeoneachsurface
at eachofthesetemperatures.

Themajorityofthetestswasconductedwiththelow-normal-load
setup.Thiswasduetothefactthatthe-e coveredbythissetup
(25to 310psi)morecloselysimulatedpresent-daytirepressures.The

,high-nomal-loadsetupwasnotaccurateinthisrange.

. . Usingthelow-normal-loadsetup,threeccmpleterunsweremadeon
eachofthesmoubhandroughsurfaceswiththeconcreteatrocmtempera-
ture,3~0j kOOO,and500°F. Threerunseachweremadeonthesmotih
surfaceat6000F and7M1°F.

Rubberspechenswerechangedat eachchangeintemperature.How-
ever,eachspecimenwasusedrepeatedlythroughoutthetemperatureincre-
mentuntilwornout. Thespecimenswereconsideredwornoutwhenfurther
wearwouldcausethespecimenmountingplatetobearupontheconcrete
surface.

Aftereachloadapplicationthemibberspecimenandconcretesurface
werewipedfreeofrubberparticles.Inaddition,thereheatingofthe
concretebetweeneachofthehigh-temperaturetestshelpedto removerub-
berdeposits.

As atrcrafttiressmetimesleaveprintsontherunwaya fullrevolu-
tionaftertheinitial.landingskidmark,anattemptwasmadeto determine
the“printing

c. new, untested
eachrun(two
asfollows:

..—.— .._____

characteristics”oftirerubberatvarioustemperatures.A
specimenwasusedforeachtemperatureincrement@ for
runsweremadeat eachtemperature).Theprintsweremade
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(1) At eachtemperatureincrementa normalloadof1’35psiwas
appliedto a new,untestedspectienonthesmoothsurface.

(2)Thenecessarysideloadto slidethespecimenlinchwasapplied.

(3)~e~ate~ fo~o~ step(2)thespecimenwasplacedupona
plywoodsectionanda normalloadof155psiwasapplied.*

REsulws

Curvesoftheapparentcoefficierrtoffrictionversus
andcurvesofnormalloadversushorizonkl(ordrag)load
figures7 to 19.

normalpressure
areshownin

Thearithmeticalaveragesofallrunsareshown,forcmparisonpur-
poses,infigures7 and8 fortheI@gh-nomal-loadtests (50to 1,MX3psi)
andinfigures12and13forthelow-normal-loadtests(25to 310psi).

Printsweremadeontheplywoodsectionat3CK)0,4~0, 5000,
and600°F. Referringtothephoto~ph oftheplywoodsection(fig.20),
itcanbe notedthat(1)slightprintingbeganat4C0°F, (2)printing
increasedinintensityastherubberwasheatedfurther,and (3) at 6000F
a fullprintwasobtained.

BoeingAirplaneCcEUPany,
Seattle,Wash.,August

..

10, 1s0.
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. Rubber materia
Ply material

@

1.75”Diameter

.75”Diameter
specimenscut
from ~ rowof
“Diamonds”

)

-J

Q“
Figure1.-Rubbertestspecimens.
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Jack pivot-
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~ Support structure Specimen mounting~
/

3-Ton jock block (see fig. 21)

assy. 0-500 l!, O=2QO0 lb Tension strap ,\
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Figure3.-High-normal-loadtest setup. Complete setup shown id figure 4.
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Erigh-norml-load (50to 1,100PSi) setup.
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-LColumn pivot
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d=90 lb Gauntwweight

Pipe column=

I

Specimen mounting –

\
Suppart block (see fig. 21)
structure

3-Ton jack Spring dynamometer
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.ar II
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Figure5.-
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bW-nOI’!UKL-10sdbat 6etup. CompletA setup Shorn
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Figure7.- Apparentcoefficientoffrictionversusnormalpressurefor
high-nomnal-loadtests.Averagedresultsforallsurfaces.
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losdversw horizontallosdforhigh-normal-loadtests. ‘
Aversgedresultsforallsurfaces.
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.-Rough surface

(a)

200 400 600 800 1,000 I#oo
Normal pressure,psi

(a) Room&nperature.No suit~l.eexplanationcanhemadeforsmooth-
surfacecurve~pearingbetweensemismooth-andrough-surfacecurves.
Valueswerecheckedandnoevorswerefound.

Figure9.-Apparentcoefficientoffrictionversusnormalpressurefor
high-normal-loadtestsatroomtemperatureand300°F. Amrsged
resultsforallsurfaces.
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FiP 9.-Concluded.
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Figure10.- Apparentcoefficientoffrictionversusnormalpressurefor
high-normal-loadtestsof allsurfacesatroomtemperature.
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Figure10.-Continued.
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Figure18.- Apparentcoefficientoffrictionversusnormalpressurefor
kxr-normal-loadtestsat6000F. Smoothsurface.
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